Long noncoding RNA urothelial carcinoma-associated 1 has previously played important roles in cancer. However, its role is still unknown in clear cell renal cell carcinoma. We utilized the most recent molecular and clinical data of clear cell renal cell carcinoma from The Cancer Genome Atlas project, and the relationship between urothelial carcinomaassociated 1 expression and the clinicopathological features was analyzed. Our results indicated that urothelial carcinomaassociated 1 overexpression was associated with male (p = 0.003), wild-type PBRM1 (p = 0.021), and BAP1 mutation (p = 0.022) in clear cell renal cell carcinoma, although lower expression was found in tumors compared with normal controls, validated in tumor tissues from The Cancer Genome Atlas and 21 clear cell renal cell carcinoma patients at our hospital. Moreover, urothelial carcinoma-associated 1 overexpression indicated poor prognosis independently (Hazard Ratio [HR]: 1.92, p = 0.000) in clear cell renal cell carcinoma; it might be a potential detrimental gene considered as a predictive biomarker involved in clear cell renal cell carcinoma.
Introduction
Renal cell carcinoma (RCC) is one of the most common and deadly malignancies in the world. There are approximately 63,000 new cases and 14,000 deaths from RCC each year, 1 and also, the incidence has steadily increased in recent decades. 2, 3 Clear cell renal cell carcinomas (ccRCCs) represent the majority, accounting for 90% of all RCCs. 4 Patients with ccRCC show divergent clinical behavior and treatment response, which was due to their heterogeneity in histology, molecular alterations in tumor suppressor gene, and oncogenicity. VHL (Von Hippel-Lindau), PBRM1 (also referred to as BAF180), BAP1 (BRCA1 associated protein-1), and SETD2 (SET domain containing 2) are the most common hallmarks in ccRCC which located at the most frequently arm-level events of chromosome 3p. 5 KDM5C, PTEN, MTOR, and TP53 were also frequently analyzed in ccRCC. [5] [6] [7] [8] Among them, VHL gene is the most frequent and characteristic genetic change in ccRCC; its inactivation plays a major role in the pathogenesis of ccRCC. However, it is still unclear whether it is associated with clinicopathological parameters and prognosis. 9, 10 Meanwhile, PBRM1, BAP1, and SETD2 were newly identified genes located in the 3p21 region, adjacent to the 3p25 region where VHL resides. Therefore, the region of 3p deleted in a majority of sporadic ccRCCs would simultaneously impair the four tumor-related genes, which might be functionally linked. 11 PBRM1, which was the second most mutated gene, was found in 33%-45% of ccRCC. 8, 12 It acted as a suppressor role in diverse malignancies, including pancreatic cancer and breast cancer. 13, 14 However, the role of PBRM1 mutation in clinical relevance in ccRCC remains to be determined due to contradictory findings. [15] [16] [17] In addition, the mutations of SETD2 and BAP1, which were regarded as tumor suppressor genes in ccRCC, were associated with metastasis, advanced stage, and worse overall and disease-specific survival although some result was inconsistent. 8, 16, [18] [19] [20] Recently, the results of whole-genome and whole-exome sequencing have revealed frequently mutated signaling pathways in ccRCC, including PI3K-AKT-mTOR and p53 pathway. MTOR, PTEN, PIK3CA, AKT2, CDK2NA, and TP53 in these pathways played important roles in proliferation, apoptosis, angiogenesis, and genomic stability. Furthermore, KDM5C/JARID1c (lysine (K)-specific demethylase 5C), which was commonly mutated in other adult epithelial cancers, also contributed to ccRCC. 5, 15 Despite the fact that a lot of genomic studies have been reported in ccRCC, the molecular biomarkers were not routinely used in clinical practice. Therefore, our purpose was to find the relationship between urothelial carcinomaassociated 1 (UCA1) expression and the clinicopathological features of ccRCC.
Long noncoding RNAs (lncRNAs) are defined as a group of RNAs with length more than 200 nucleotides and do not encode for protein. 21 Deregulation of a large number of lncRNAs is involved in human cancers, acting as oncogenes and tumor suppressors in cancer progression. [22] [23] [24] UCA1 is a new lncRNA belonging to the human endogenous retrovirus H (HERV-H) family; it was noted that UCA1 overexpression began from fertilization and was kept in numerous organs during embryonic development. However, it was only expressed in the heart, spleen, and placental tissue in adults. In cancers, UCA1 was first reported to enhance tumorigenic and invasive potential in urinary bladder cancer. 25 Overexpression of UCA1 can promote cell proliferation by activating through phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)dependent signaling pathway. 26 In another way, UCA1 suppresses cell apoptosis by downregulating regulatory factors of cell apoptosis pathway such as tumor necrosis factor receptor superfamily member (Fas) and ataxia telangiectasia mutated (ATM). 27 In other malignancies, the mechanism of UCA1 in tumor progression has also been explored. 28, 29 These results indicate that UCA1 plays an important role in the development and prognosis of malignant tumors. Although UCA1 has been discovered only a decade ago, several recent studies have focused on the oncogenic role of UCA1 in a variety of cancers; the aberrant expression of UCA1 has been detected in breast cancer, melanoma, tongue squamous cell carcinoma, colorectal cancer, and gastric cancer. 25, [30] [31] [32] [33] However, the information about UCA1 in ccRCC was unavailable. In this study, with high-dimensional genomic data in The Cancer Genome Atlas (TCGA), we analyzed the relationship between UCA1 expression and the clinicopathological features. Also, we made analysis of UCA1 expression in 21 patients with ccRCC at the First Affiliated Hospital of Nanjing Medical University.
Material and method

Data acquisition
Overall survival data were downloaded from Firehose (http://gdac.broadinstitute.org; August 2015). The clinical variables were obtained from the TCGA Data Portal (https://portal.gdc.cancer.gov/), and the molecular data were from the Pan-Cancer project (syn300013) on Synapse (http://www.synapse.org). A provisional dataset of 514 total patients with available RNA-Seq data for UCA1 expression was used. There were 384 patients with gene mutation and expression data for VHL, PBRM1, BAP1, SETD2, KDM5C, PTEN, MTOR, and TP53 ( Figure 1 ). Data regarding clinical features (age, gender, race, tumor stage, and tumor grade) were obtainable in 457 patients.
Analysis of messenger RNA expression
The normalized messenger RNA (mRNA) expression data based on RNA-Seq (RNA-Seq by expectation-maximization (RSEM)) were obtained from the TCGA data portal. Molecular data from the platform of Illumina HiSeq 2000 RNA Sequencing V2 were utilized in our study. To determine the cutoff of UCA1 expression, the receiver operating characteristic (ROC) was used to identify the appropriate cutoff of "high" and "low" expressions of UCA1 ("high" vs "low," with log 2 normalized), and survival event was used. The area under the ROC curve (AUC) was 0.58 (Table S1 ). Based on the highest value of the AUC, the optimal cutoff is −6.808 in which the sensitivity and specificity are 53.09% and 63.05%, respectively ( Figure S1 ). The optimal point was selected by using the minimum distance between the point 100% sensitive and 100% specific and any point on the ROC curve.
Analysis of somatic mutation data
The mutation annotation format (MAF) files were obtained from Firehose (http://gdac.broadinstitute.org), and only non-silent mutations were retained for analysis. To prevent the potential bias introduced by ultramutated samples, the samples with >1000 mutations in their exomes were filtered out. The non-silent mutations with ≥5% mutation frequency in a patient cohort were focused on because of their potential biological significance and detecting power in the analysis. For selected genes of interest, we extracted mutation information from the MAF file and generated the heatmap plot using R project.
Real-time quantitative PCR validation
After obtaining institutional review board (IRB) approval, total RNA was prepared with Trizol and reverse transcribed with the PrimeScript RT Reagent Kit (TaKaRa) from matched tumor and adjacent normal tissues of 21 chemotherapy-naive patients with ccRCC at the First Affiliated Hospital of Nanjing Medical University. The UCA1 was analyzed by using SYBR Green Real-Time PCR Master Mix with gene-specific primers (5′-TCGGGTAACTCTTACGGT-3′, 3′-GGTCCATTGAGGCTGTAG-5′) on the ABI 7500 Fast Real-Time PCR System (Applied Biosystems, CA, USA).
Statistical analysis
Fisher's exact test was used to identify the correlation between the UCA1 expression and clinicopathological characteristics. Overall survival time was established from the date of pathological diagnosis to death or last contact if exact date of death is unavailable. The Kaplan-Meier method and log-rank test were carried out to evaluate various prognostic factors including age, gender, tumor stage, grade, UCA1 expression, and mutation of VHL, PBRM1, BAP1, SETD2, KDM5C, PTEN, MTOR, and TP53. A multivariate Cox model was used to evaluate the independent prognostic factors. All statistical tests were two-sided, and statistical significance was set at p < 0.05 using SPSS statistics software (Version 19.0; IBM).
Results
Patient characteristics
A cohort of 457 patients with a pathological diagnosis of ccRCC was enrolled from TCGA. Details of the clinical characteristics were summarized in Table 1 . The median age was 61 years (range: 
UCA1 overexpression in male/PBRM1-wild/ BAP1-mutation patients
To understand the biological characteristics of UCA1, we conducted the correlation analysis between UCA1 expression and clinicopathological characteristics. Then, it was found that UCA1 expression was higher in male patients compared with female patients (−8.6 vs −10.2, p = 0.003). In addition, in the 385 patients with genetic mutation information, UCA1 overexpression was found frequently in PBRM1 wild type compared with the mutations (−8.9 vs −10.3, p = 0.021) and in BAP1 mutations compared with the wild type (−7.6 vs −9.6, p = 0.022) ( Figure 2) . No correlation was observed between UCA1 expression and age/ tumor stage/grade, nor the VHL, SETD2, KDM5C, PTEN, MTOR, and TP53 mutations (Table 1) . Also, we made correlation analysis about all the eight most commonly mutated genes (Figure 3 ). However, lower expression was found in tumors compared with normal controls in the TCGA cohort, and also validated in tumor tissues with realtime quantitative polymerase chain reaction (PCR) from 21 ccRCC patients at our hospital (p < 0.05, Figure S2 ).
UCA1 overexpression as a poor prognostic factor
Overall survival can be obtained in 457 patients. It was noted that patients with UCA1 overexpression had shorter survival than patients with low UCA1 expression (p = 0.001; Figure 4 ). Meanwhile, it was revealed that patients with age ≥61 years, late stage, high grade, and gene mutation (BAP1 and TP53) had a significantly shorter survival with univariate analysis (Table 2, Figure 4 ). Furthermore, multivariate Cox regression analysis also confirmed that UCA1 overexpression, age ≥61 years, late stage, and TP53 mutation were independent poor prognostic factors (Table 2 ).
Discussion
CcRCC, which originates from renal proximal tubules, is the most frequent subtype of kidney cancer. 34 ccRCC has a poor prognosis with the metastatic rate of 15.3%-21.5% at presentation and a 5-year cancer-specific survival rate of 55%-82.7%, due to late stage and resistance to chemoradiotherapy. [35] [36] [37] [38] [39] [40] Previously, some genes have been identified to correlate with tumorigenicity and prognosis of ccRCC; however, there were conflicting reports. Recently, numerous evidence has shown the central role of lncRNA in the regulation of cell proliferation, differentiation, and apoptosis. 41, 42 Then a novel therapeutic strategy may be revealed. UCA1 was one of lncRNAs, which was first identified as a potential biomarker for bladder cancer. 25 The gene was mapped to human chromosome 19p13.12 positive strand, and consisted of three exons and two introns, but lacks any conserved long open reading frames (ORFs). 43 UCA1 promoted the tumorigenicity and increased invasion and drug resistance of BLS-211 cells by regulating several pathways. 43 Furthermore, UCA1 also played oncogenic roles in several cancers, including breast cancer, colorectal cancer, esophageal squamous cell carcinoma, gastric cancer, melanoma, and ovarian cancer. 28, 31, 33, [42] [43] [44] [45] UCA1 overexpression also promoted proliferation, migration, invasion, and chemoresistance in these cancers. As for ccRCC, a low expression rate was found in renal cancer compared with bladder cancer. 25 We were trying to figure out more biological values of the UCA1 expression in ccRCC.
In the clinicopathological analysis, patients with PBRM1 mutation and wild-type BAP1 were considerably more likely to have low expression of UCA1 than patients with wild-type PBRM1 and BAP1 mutation. PBRM1 encodes polybromo-1 protein, which is a subunit of the SWItch/Sucrose NonFermentable (SWI/SNF) transcription-modulating chromatin remodeling complex and controlling DNA accessibility for transcription. 12 Moreover, PBRM1 acts as a crucial role in regulating pathways associated with chromosomal stability and cellular proliferation in ccRCC. PBRM1 and BAP1 mutations tend to be mutually exclusive in ccRCC, which exhibit different biological actions. Importantly, patients with PBRM1 mutations have longer recurrence-free survival (RFS) than with wild-type PBRM1 in ccRCC. 8 However, patients with BAP1 mutations have poor overall survival. [46] [47] [48] [49] Moreover, patients with BAP1 mutations have a higher risk of death than with PBRM1 mutations (Hazard Ratio [HR]: 2.5-3). 50 It was consistent with our results that patients with wild-type PBRM1 and BAP1 mutations also had UCA1 overexpression, which contribute to poorer outcome compared with their counterparts. The relationship between UCA1 overexpression, PBRM1 mutations, and BAP1 mutations deserved attention and further investigation on tumorigenicity. Our results also made clear that no correlation existed between UCA1 expression and age, tumor stage, and important genes such as VHL, SETD2, KDM5C, PTEN, MTOR, and TP53 in ccRCC.
As for prognostic factors, we found out that patients with UCA1 overexpression had poor outcomes compared with UCA1 low expression. Furthermore, a Cox proportional hazards model was performed, including all important factors. We found that patients with BAP1 mutation or TP53 mutation exclusively were associated with significantly worse survival than wild-type BAP1 (HR: 2.08, 95% CI: 1.32-3.25, p < 0.05) and wild-type TP53 (HR: 3.69, 95% CI: 1.62-3.90, p < 0.05), which was confirmed by previous reports. [46] [47] [48] [49] 51 Besides, multivariate analysis proved the independent biomarker of UCA1 expression in ccRCC (HR: 1.92, 95% CI: 1.36-2.70, p < 0.05). Meanwhile, old age, late stage, and TP53 mutation were also validated to be independent poor prognostic factors (p < 0.05). [51] [52] [53] Meanwhile, we also made analysis of UCA1 expression in the TCGA cohort and validated in tumor tissues with realtime quantitative PCR from 21 patients at our hospital. It demonstrated that lower expression was found in tumors compared with normal tissues. However, UCA1 overexpression was found in other cancers 25, [31] [32] [33] 42, 43 ; it might be interesting and indicated that UCA1 played important and diverse roles in different cancers.
This was the first time to reveal the comprehensive relationship of UCA1 expression in the largest samples of ccRCC with TCGA data. Several potential limitations of this study should be claimed. First, some important clinical characteristics such as race and smoking history were not enrolled in our analysis, because the majority of patients (94.1%, 430/457) were white, 4.4% (20/457) were black, and 1.5% (7/457) were Asian only. Likewise, only 3.3% (15/457) of patients could achieve smoking information. Second, although the cutoff value of UCA1 expression was taken by ROC, AUC along with the sensitivity and specificity was not being satisfied. Third, we calculated the survival time from pathological diagnosis to death or last contact but without considering treatment history; the effect of treatment on survival may be ignored. Finally, up to now, UCA1 cannot discriminate between cancer and normal tissue because of conflicting data.
In conclusion, the novelty finding was that UCA1 overexpression was found frequently in male/PBRM1-wild/ BAP1-mutation ccRCC patients, although the UCA1 expression was lower in tumor than normal tissues in ccRCC. Moreover, UCA1 overexpression could be a poor prognostic factor in ccRCC from our analysis of TCGA. Thus, UCA1 is a potential detrimental gene in ccRCC. Some studies have found that lncRNA deregulation in primary tumor tissues is mirrored in various body fluids, including plasma and urine, which make the diagnosis much more convenient and minimally invasive than conventional tissue biopsies. 31, 54 Thus, UCA1 may have a great potential to become a novel predictive biomarker and therapeutic targets in ccRCC.
